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Anitimicrobial activityAbstract A new heterocyclic derivative of 2-mercaptobenzothiazole (MBT) comprising 4-oxo-
thiazolidines, tetrazole and triazole, through the reaction of (MBT) with hydrazine hydrate
obtained 2-hydrazobenothiazol (1), which was condensed with various aromatic aldehydes. Azome-
thine derivatives (2a–c) are converted into a number of 4-oxothiazolidines (3a–c) and tetrazole
derivatives (4a–c), through the reaction of azomethine derivatives (2a–c) with mercaptoacetic acid
and sodium azide, respectively. Also the reaction of compound (1) with triethylorthoformate and
nitrous acid to produce the corresponding (triazole and tetrazole) benzothiazole (5,6) was reported.
Triazole moieties reported condensation (MBT) with ethylbromo acetate and potassium hydrox-
ide by the fusion method and resulted in ester-2-mercaptobenzothiazole (7), which was treated with
hydrazine hydrate to give a hydrazine derivative (8), then converting these compounds (8) to phenyl
semicarbazide (9) and phenyl thiosemicarbazide (10) derivatives. Cyclization compounds (9,10) in
alkaline media (4 NÆNaOH) gave triazoles compounds (11,12). Furthermore the compound (8)
was converted to the dithiocarbazate salt (13) which was then cyclized with hydrazine hydrate to
give substituted triazole (14). The prepared compounds were identiﬁed by spectral methods (FTIR,
1H NMR, 13C NMR) and some of its physical properties were measured and furthermore the effects
of the preparing compounds on some strains of bacteria were studied.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Among the wide variety of 2-mercaptobenzothiazole (MBT)
derivatives that have been explored for developing pharmaceu-
tically important products for example, 4-thiazolidinones ribo-
nucleosides as a linear of antimicrobial (Desai et al., 2006),
antiinﬂammatory (Yadav et al., 2005), hypnotic (Kohi et al.,
894 S.M.H. Al-Majidi2007), antihelmintic (Guru and Serivastava, 2001), and antiviral
agents (Mishra et al., 1997; Lodhi and Serivastava, 1997), as well
as central nervous system activity (CNS) stimulants (Torii et al.,
1984).
In industry, 2-mercaptobenzothiazole is used primarily as a
vulcanization accelerator in the production of rubber, although
it is also used to inhibit the corrosion of copper inwater andas an
ingredient in cutting oils and petroleum products (Dewever
et al., 1998; Valdes et al., 2003). It also has toxic effects on many
bacteria, and its presence inhibits the biodegradation of other
compounds, including some of its own degradation products
(Valdes et al., 2003). (MBT) is very resistant to biodegradation,
and many of its degradation products are also recalcitrant (Bess
et al., 2001), also (MBT) is a degradation product of a fungicide
widely used in the leather and lumber industries (Reemtsma
et al., 1995), (MBT) and some of its degradation products are
known to be toxic to humans and organisms. Both laboratory
and epidemiological studies suggest that (MBT) acts as a carcin-
ogen in mammals (Haroune et al., 2004).
In recent years, derivatives of Schiff bases, 1,2,4-triazole
and tetrazole have been found to exhibit some biological and
pharmaceutical properties, (antibacterial, antifungicidal, anti-
viral and antiinﬂammatory) (Suaad and Wafa’a 2009). In addi-
tion, it was reported that synthesis of triazole fused to another
heterocyclic ring has attracted wide spread attention due to
their diverse applications as antidepressant, antiviral, antitu-
morial and antiinfammatory agents. Keeping these facts in
view, we have synthesized a new 1,2,4-triazole derivative of
(MBT) (5, 11, 12 and 14) and new tetrazole (4a–d, 6), 4-oxo-
thiazolidinones (3a–d).
2. Experimental
All the reactions thatwere carried out using amelting point were
determined on aGllenkamp FB.600-olof. melting point appara-
tus. FTIR Spectra were recorded using solid KBr discs by tests
scan Shimadzu FIIR 800 Series. The 1H NMR and 13C NMR
Spectra were recorded on a make Bruker model ultrashield
300 MHz, NMR at the University of Jordan, DMSO-d6 was
used as solvent and TMS as the internal reference. And starting
chemical compounds were obtained from Fluka or Aldrich.
2.1. Preparation of 2-hydrazinobenzothiazole (1)
A mixture of 2-mercaptobenzothiazole (10 g, 0.6 mol) and
hydrazine hydrate (10 ml) was reﬂuxed for 2 h, ethanol
(15 ml) was added and reﬂuxed for 4 h. The separated precip-
itate was ﬁltered and washed with cold water and recrystallized
from ethanol. Physical properties of the product are listed in
Tables 1–4.
2.2. Preparation of N-substituted aromatic aldehyde
benzothiazol-2-yl hydrazone (2a–d)
2.2.1. General
Amixture of compound (1) (5 g, 0.003 mol) and aromatic alde-
hyde (0.003 mol) and 2–3 drops of glacial acetic acid in ethanol
(10 ml) was kept at room temperature for about 6 h, then was
heated at 70 C for 3 h, after cooling the separated solid was
ﬁltered and crystallized from chloroform. Physical properties
of the products are listed in Tables 1–4.2.3. Preparation [(2-aryl-4-oxo-1,3-thiazolidin)-2-
hydrazinobenzothiazole (3a–d)
To a mixture of 2a (5 g, 0.016 mol), mercaptoacetic acid
(1.3 ml, 0.016 mol) and a pinch of ZnCl2 were added in ethanol
(20 ml) and kept at room temperature for about 21 h. The sol-
vent was removed in vacuum and the resulting solid was dried
and recrystallized from methanol to get 3a. Physical properties
of the product are listed in Tables 1–4.
Other compounds 3b–d were prepared in a similar way
using 2b–c; characterization data are respectively presented
in Tables 1–4.
2.4. Preparation of 2-(5-substituted-tetrazole-1-yl)-
aminobenzothiazole (4a–d)
A mixture of (0.003 mol.) of appropriate Schiff base, dry ace-
tone (15 ml) and sodium azide (0.2 g, 0.003 mol) was heated on
a water bath, the temperature of the water bath was controlled
between 55–60 C. The end of the reaction was checked by
TLC which showed the disappearance of the starting material.
Physical properties of the product are listed in Tables 1–4.
2.5. Preparation 1,2,4-triazolo[3,4-b]benzothiazole (5)
To a mixture of 2-hydrazinobenzothiazol (1 g, 0.06 mol) and
triethyl ortho formate (2 ml) in methanol (20 ml), a few drops
of acetic acid were added. The mixture was heated under reﬂux
for 3 h, then allowed to cool. The solid product thus formed
was recrystallized from chloroform as pale yellow crystals.
Physical properties of the product are listed in Tables 1–4.
2.6. Preparation of tetrazolo[4,5-b]benzothiazole (6)
To a solution of 2-hydrazinobenzothiazol (1 g, 0.06 mol) in
acetic acid (12 ml) was added dropwise sodium nitrite solution
(7 ml, 0.06 mol) at 0 C with stirring for 2 h. The resulting solid
was ﬁltered and recrystallized from ethanol as yellow-green
crystals. Physical properties of the product are listed in Tables
1–4.
2.7. Preparation of ethyl-2-benzothiazole acetate (7)
A mixture of (MBT) (10 g, 0.06 mol), anhydrous potassium
hydroxide (3.3 g, 0.06 mol) and ethyl bromoacetate (6.7 ml,
0.06 mol) was placed in a special Pyrex glass anbole. The anbo-
le is heated at 180–185 C in an oil bath for 2 h, then the reac-
tion mixture was poured into ice water, the separated
precipitate was ﬁltered and recrystallized from acetone. Physi-
cal properties are listed in Tables 1–4.
2.8. Preparation of 2-(benzothiazole-2-yl thio)acetohydrazide
(8)
Compound (8) (5 g, 0.02 mol) and hydrazine hydrate (3 ml,
0.03 mol) in ethanol (20 ml) were reﬂuxed for about 6 h, in a
steam bath. After cooling the resulting solid was ﬁltered, dried
and recrystallized from ethanol. Physical properties are listed
in Tables 1–4.
Table 1 Physical properties of the prepared compounds.
Comp. No. Molecular formula CHNOS Comp. structure M.p. (C) Yield (%) Color Recryst. solvent
0 C7H5NS 180 – Oﬀ-white Ethanol
1 C7H7N3S 275 (dec.) 78 Deep-green Ethanol
2
2a C14H10N4SO2 84 85 Dark-yellow Chloroform
2b C15H13N3S 102 90 Green Chloroform
2c C12H10N4S 163 80 Dark-green Methanol
2d C12H9N3SO 176 75 Dark-yellow Chloroform
3a C16H12N4S2O3 114 80 Yellow Methanol
3b C17H15N3S2O 192 90 White Methanol
3c C14H12N4SO 205 82 Green Ethanol
3d C14H11N3SO2 214 80 Yellow Ethanol
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Table 1 (continued)
Comp. No. Molecular formula CHNOS Comp. structure M.p. (C) Yield (%) Color Recryst. solvent
4 187 76 Deep-yellow Acetone
4a C14H9N7O2 181 80 White Chloroform
4b C15H12N6S2 211 75 Yellow Chloroform
4c C12H9N7S 233 77 Pale-yellow Chloroform
4d C12H8N6SO 350 75 Yellow Ethanol
5 C8H5N3S 370 65 Yellow-green Ethanol
6 C7H4N4S 61 85 Oﬀ-white Acetone
7 C11H11NS2O2 191 90 Oﬀ-white Ethanol
8 C9H9N3S2O 110 82 Pale-yellow Ethanol
9 C16H14N4S2O2 93 78 Pale-yellow Ethanol
10 C16H14N4S3O 280 dec 70 Oﬀ-white Chloroform
11 C16H12N4S2 230 77 Pink Ethanol–water
12 C16H12N4S3 226 90 White –
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Table 1 (continued)
Comp. No. Molecular formula CHNOS Comp. structure M.p. (C) Yield (%) Color Recryst. solvent
13 C10H8N3S4K 162 75 White Ethanol–water
14 C10H9N5S3
Table 2 FTIR absorption spectra data (cm1) of the prepared compounds.
Comp. No. FTIR (m cm1) KBr disc
0 3071(C–H arm.); 2662(S–H); 1593(C‚N); 1522,1445( arm.); 750(o-position)
1 3344asy, 3295sym. (NH,–NH2); 3072(C-arm.); 1593(C‚N); 1521, 1444( arm.), 750 (o-position)
2a 3320(N–H); 3065(C–H arm.); 1614(C‚N); 1520( arm.), 1510asym, 1336sym. (NO2); 813(p-position for NO2)
2b 3325(N–H); 3070(C–H arm.); 2985 (C–H alip.); 1521( arm.), 750, 720 two band (m-position)
2c 3325(N–H exo); 3210(N–H cycl.); 1630(C‚C); 1620(C‚N); 1520( arm.),
2b 3330(N–H); 1632(C‚C); 1610(C‚N); 1521( arm.)
3a 3340(N–H); 1720( ); 1612(C‚N); 1520asym., 1330sym. For (NO2)
3b 3340(N–H); 2985(C–H alip.); 1717( ); 1612(C‚N)
3c 3335(N–H); 3195(N–H cycl.); 1710( ); 1612(C‚N)
3d 3342(N–H); 1712( ); 1605(C‚N)
4a 3325(N–H); 1610(C‚N); 1518asym, 1341sym. For (NO2); 1012, 1105(tetrazole), 812(p-position for NO2)
4b 3310(N–H); 2990(C–H alp.); 1611(C‚N); 1157, 1087(tetrazole) 1013, 1106(tetrazole)
4c 3312(N–H exo); 3210(N–H cycl.); 3076(C–H arm.); 1630(C‚C); 1605(C‚N), 1010, 1112(tetrazole)
4d 3340(N–H); 3081(C–H arm.); 1630(C‚C); 1609(C‚N), 1157, 1087(tertrazole)
5 3080(C–H arm.); 1608(C‚N); 1520( arm.); 753 (o-position)
6 3085(C–H arm); 1162, 1086(tetrazole); 752(o-position)
7 3075(C–H arom.); 2985(C–H alip.); 1735( of ester); 1614 (C‚N); 1224, 1042(C–O–C); 721(C–S–C).
8 3380, 3352(NH–NH2); 1666( amide), 1610 (C‚N)
9 3236, 3250(HN–NH); 3072(C–H arm.); 2895(C–H alip.); 1695 (C‚O amide); 750 (o-position)
10 3190(N–H); 3065(C–H arm.); 3060 (C–H arm.); 1631 (C‚O amide); 1234(C‚S)
11 3448(O–H); 3060(C–H arm.); 3065(C–H alip); 1580(C‚N)
12 3065(C–H arm.); 2998(C–H alip.); 1602(C‚N); 2620(S–H); 3232(N–H; 1180(C‚S)
14 3286, 3196(NH2), 3070(C–H arm.); 1601(C‚N), 1203(C‚S)
Table 3 1H NMR spectral data of some of the prepared compounds.
Comp. No. 1H NMR (d ppm) in DMSO-d6 solvent
1 4.66(s, 2H, NH2); 7.21–7.93(m, 4H, Ar-H); 9.35(b, 1H, –NH–)
3a 3.25(s, 1H, Ar-CH–N); 4.21(s, 2H, –CH2– thiazolidinone) 7.2–8.1(m, 8H, Ar-H); 9.42(b, 1H, –NH–)
4b 2.7(s, 3H, Ar-CH3); 7.2–8.3(m, 8H, Ar-H); 9.42(s, 1H, –NH–)
11 4.52(s, 2H, S–CH2–); 7.11–7.62(m, 9H, Ar-H); 12.6(s, 1H, OH)
12 4.46(s, 2H, S–CH2–); 6.95–7.52(m, 9H, Ar-H); 12.3(b, 1H, NH)
14 3.5(s, 1H, S–H); 4.2(b, 2H, NH2); 4.42(s, 2H, S–CH2–); 7.12–7.62(m, 4H, Ar-H)
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semicarbazide or thiosemicarbazide (9,10)
Ethanolic solution of hydrazide (8) (2.39 g; 0.01 mol) and phe-
nyl isocyanate (1.08 ml, 0.01 mol) or phenylisothiocyanate
(1.2 ml, 0.01 mol) was stirred at room temperature overnight.
The precipitate was ﬁltered and washed with ethanol. Physical
properties are listed in Tables 1–4.2.10. 3-[(Benzothiazole-2-yl thio)methyl]-4-phenyl-1,2,4-
triazole-5-ol or-5-thiol (11,12)
The semicarbazide (9) (3.6 g, 0.01 mol) or thiosemicarbazide
(10) (3.76 g, 0.01 mol) was reﬂuxed in 20% sodium hydrox-
ide solution (25 ml) for 6 h, cooled, poured onto ice water,
stirred and siltered, physical properties are listed in Tables
1–4.
Table 4 13C NMR spectral data (d ppm) of some of the prepared compounds.
Comp. No. 13C NMR (d ppm) in DMSO-d6 solvent
1 139.5–142.3( C N, C S ); 127.6–130.2(C2, C3, C4, C5 heteroaromatics); 157.8(C thiazole)
3a 127.4ðCn1Þ; 129.2ðCn2;Cn6Þ; 126.9ðCn3;Cn5Þ; 151.2ðCn4 NO2Þ; 158.6(N‚C-ph); 139.2–141.9(C–N‚, C S); 127.5–130.8
(C2, C3, C4, C5 hetroaromatics); 156.8(C thiazole)
4b 127.3ðCn1Þ; 129.6ðCn2;Cn6Þ; 127.1ðCn3;Cn5Þ; 152ðCn4 NO2Þ; 32.2(–S–CH2–); 173.3(cyclic, C O4 ); 57.6(–CH2– thiazolidinone);
139.2–141.9(C–N‚, C S); 128.130.6(C2, C3, C4, C5 hetroaromatics); 157.2 (C thiazole)
11 140.1–142.5(C–N‚, C S); 127.6–130.5(C2, C3, C4, C5 hetroaromatics); 158.2(C thiazole); 30.9(–S–CH2–); 133.4( C
N
N);
148.9( C OH
N
N )
12 140.6–142.5(C–N‚, C S); 127.6–130.5(C2, C3, C4, C5 hetroaromatics); 157.6(C thiazole); 31.2(–S–CH2–); 133.6( C
N
N);
135.3( C SH
N
N )
14 140.2–142.6(C–N‚, C S); 128.2–130.8(C2, C3, C4, C5 hetroaromatics); 158.1(C thiazole); 30.6(–S–CH2–); 134.8( C
N
N);
136.2( C SH
N
N )
Table 5 Results of antimicrobial activity of the tested
prepared compounds.
Comp. No. E. Coli Serratia S. aureus
3a ++ ++ 
3b + ++ 
3c ++  
3d ++  
4a ++  
4b + + 
4c +  
4d +++ ++ 
5 +++ ++ 
6 ++  
11 +++  
12 +  
14 ++  
Zone of inhibition: () 6 mm; (+) 6–15 mm; (++) 15–20 mm;
(+++) 20–25 mm.
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thio)methyl]dithiocarbazate (13)
To a stirred ethanolic solution of KOH (1.68 g, 0.03 mol) in
(20 ml), hydrazide (8) (2.39, 0.1 mol) was added slowly CS2
(1.8 ml, 0.03 mol) and stirred overnight, dry ether (20 ml) was
addedand the yellowppt.was ﬁltered,washedwith ether andvac-
uumdried. The salt (13) was obtained in almost quantitative yield
and was employed in the next step without further puriﬁcation.
2.12. 3-[(Benzothiazole-2-yl thio)methyl]-4-amino-1,2,4-
triazole-5-thiol (14)
A suspension of potassium salt (13) (0.01 mol) in excess hydra-
zine hydrate (5 ml) was reﬂuxed until the evolution of H2S was
ceased; during reﬂux the color of the reaction mixture changed
to green and a homogeneous solution resulted. After cooling,
the reaction mixture was acidiﬁed with 10% HCl to yield a
white precipitate. Physical properties are listed in Tables 1–4.
2.13. Antimicrobial activity test
The test was performed according to the disk diffusion method
(Vigmolo et al., 1993). The prepared compounds were testedagainst one strain of Gram +ve Staphyloccus, and two strains
of Gram –ve bacteria Escherichia coli, and Serratia. Whatman
No.1 ﬁlter paper disk of 5 mm diameter were sterilized by
autoclaving for 15 min at 121 C. The sterile disks were
impregnated with different compounds (600 lg/disk). Agar
plats were surface inoculated uniformly with 100 lL from
the broth culture of the tested microorganisms. The impreg-
nated disks were placed on the medium suitably spaced apart
and the plates were incubated at 5 C for 1 h. to permit good
diffusion and then transferred to an incubator at 37 C for
24 h. The inhibition zones caused by the various compounds
on the microorganisms were examined. The results referred
that the prepared compounds are listed in Table 5.
3. Results and discussion
In the present work the synthesis of some new 4-oxothiazoli-
dins, tetrazole and triazole derivatives were achieved from 2-
mercabtobenzothiazole (MBT), the synthetic route used is
shown in Scheme 1.
2-Hydrazobenzothiazole (1) was prepared by nucleophilic
substitution reactions of hydrazine hydrate with (MBT)
according to the following mechanism (Paul, 2006) Scheme 2.
The structure of compound (1) was conﬁrmed by physical
properties which are listed in Table 1. FTIR spectra show
absorptions at m cm1 (3344asym, 3295sym for (NH, NH2)
group; 3072 for C–H aromatic; 1593 for C‚N; 1521, and
1444 for aromatic; and 750 for o-position. While the
H NMR spectra of compound (1) d ppm in DMSO-d6 solvent
is 9.35(b, 1H, –NH–); 7.21–7.93(m, 4H, Ar-H); 4.66(s, 2H, –
NH2).
13C NMR spectra shows results listed in Table 4.
The hydrazo (1) was converted to (Schiff base (2a–d); tetra-
zole (6) and 1,2,4-triazole (5)) derivative by the reaction with
(different aromatic aldehyde, sodium nitrite solution in acetic
acid and triethyl orthoformate), respectively (Scheme 1), FTIR
spectra showing the absorption at m cm1 (3320–3330 for (N–
H exo), 3070 for ( arm.) 1610–1630 for C‚N group for
compounds (2a–d), 1162, 1086 tetrazole for compound (6),
and 1608 (C‚N) group for compound (5). Treatment of com-
pounds (2a–d) with 2-mercaptoacetic acid and ZnCl2 in etha-
nol affords intramolecular cyclization to give [(2-aryl-4-oxo-
1,3-thiazolidin)-2-hydrazino benzothiazole (3a–d) and were
identiﬁed from FTIR spectra showing results listed in Table 2.
While the 1H NMR spectra date of compound (3a) d ppm in
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S
N
SH
+ NH2 NH2
S
N
SH
NH NH2
H
S
N
SH
NH NH2
H
-H2 S
S
N
NH NH2
[1]
Scheme 2 Mechanism of prepared 2-Hydrazobenzothiazole by nucleophilic substitution reactions.
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900 S.M.H. Al-MajidiDMSO-d6 solvent 3.25(s, 1H, Ar-CH–N); 4.21(s, 2H, –CH2–
thiazolidine), 7.2–8.1(m, 8H, Ar-H), 9.42(b, 1H, –NH–). 13C
NMR spectra shows result listed in Table 4. Also the com-
pounds (2a–d) were converted to tetrazole (4a–d) by reaction
of Schiffs bases (2a–d) with sodium azide in dry acetone and
gave tetrazole (4a–d) FTIR spectra shows results listed in
Table 2. While 1H NMR for compound (4b) d ppm in
DMSO-d6 solvent 2.7(s, 3H, Ar-CH3); 7.2–8.3(m, 8H, Ar-H);
9.42(s, 1H, –NH–). 13C NMR spectra shows results listed in
Table 4.
Ethyl-2-benzothiazole acetate (7) was prepared by fusion
(MBT) with ethylbromoacetate and potassium hydroxide
according to the following:S
N
SH
+ CH2
Br
C
O
O Et / KOH fusion
/ 2 hours S
N
CH2
+
C
O
OEt
H2O + KClThe structure of compound (7) was conﬁrmed by physical
properties which are listed in Tables 1–4.
The compound (7) through reaction with hydrazine
hydrate, gave 2-(benzothiazole-2-yl thio)acetohydrazide (8).
FTIR, m cm1 3380asym, 3352sym (NH–NH2); 1666 ( ),
1610 (C‚N).
The hydrazide (8) was converted to semicarbazide (9) and
thiosemicarbazide (10) by the reaction with phenylisocyanate
or phenyl isothiocyanate at room temp. (Scheme 1). FTIR
spectral data showed absorption at 1695 cm1 for C‚O
amide in compound (9) and 1234 cm1 for C‚S in com-
pound (10), treatment of compound (9) or (10) with
(4 NÆNaOH) solution affords intramolecular cyclization to
give the hydroxyl-triazole (11) and thio-triazole (12), respec-
tively. The structures of the compounds (11 and 12) were
identiﬁed from FTIR, 1H NMR and 13C NMR. The FTIR
spectrum of compound (11) showed mO–H at 3448 cm1
broad and mC‚N at 1580 cm1. 1H NMR 4.52(s, 2H, s–
CH2–); 7.11–7.6 (m, 9H, Ar-H); 12.6(s, 1H, O–H).
13C
NMR spectra showed results listed in Table 4. FTIR spec-
trum of compound (12) shows mN–H at 3232 cm1, mC‚N
band at 1627 cm1, mC‚S at 1180 cm1; mS–H at
2620 cm1. The 1H NMR spectra data of compound (12)
d ppm in DMSO-d6 solvent: 4.46(s, 2H, S–CH2–); 6.95–
7.25(m, 9H, Ar-H); 12.3(b, 1H, NH). 13C NMR spectra
showed results listed in Table 4.
On the other hand, compound 12 has been used for the
preparation of 3-[(benzothiazole-2-yl thio)methyl]-4-amino-
1,2,4-triazole-5-thiol (14) by the reaction of hydrazide (7)
with CS2 in ethanolic/KOH to give the dithiocarbazate salt
(13) in excellent yield, which, was then cyclized by reﬂuxing
with 98% hydrazine hydrate to give a moderate yield of tri-
azole derivative (14). FTIR m cm1 showed absorptions at
3286asym, 3196sym. (NH2); 1601(C‚N); 1203(C‚S) and
H NMR spectra data, d ppm in DMSO-d6 3.5(s, 1H, S–
H); 4.2(b, 2H, NH2); 4.42(s, 2H, S–CH2–); 7.12–7.62(m,
4H, Ar-H). 13C NMR spectra showed results listed in
Table 4.3.1. Antimicrobial activity
The results of antimicrobial activity are listed in Table 5. The
results referred that the some prepared compounds (3a, 3b, 4d,
and 5) possess moderate speciﬁc activity against Serratia and
are inactive against Staphylococcus aureus.
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